We show model-independently that the negative like-sign charge asymmetry (−A b sℓ ) is less than 3.16×10 −3 when the constraints from the B q −B q mixings and the time-dependent CP asymmetries 
changing neutral currents (FCNCs) are generated at tree level. In particular, we demonstrate that (a) the like-sign charge asymmetry could be enhanced by a factor of two in magnitude; (b) the CPA of sin 2β J/Ψφ s could reach to −15%; (c) the CPA of sin 2β φK S could be higher than sin 2β J/ΨK S when |A b sℓ | is larger than the SM prediction; and (d) the branching ratio for B s → µ + µ − could be as large as 0.6 × 10 −8 . 
where N
++(−−) b
denotes the number of events that b andb-hadron semileptonically decay into two positive (negative) muons. The measured value in the dimuon events is given by [2] A b sℓ = (−9.57 ± 2.51(stat) ± 1.46(syst)) × 10
which is about 3.2 standard deviations from the SM prediction of (−2.3
+0.5
−0.6 ) × 10 −4 [2, 3] .
If the semileptonic b-hadron decays do not involve a CP phase, the charge asymmetry is directly related to the mixing-induced CPAs in B d,s -meson oscillations (see the detailed analysis later). Although the errors of the data are still large, the deviations from the SM could be attributed to the new CP violating phases in b → d and b → s transitions [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Inspired by the new DØ measurement and other CPAs measured earlier, we illustrate that the anomalies can be induced by the new exotic vector-like quarks in the so-called vectorlike-quark model (VQM). Unlike the conventional four-generation model with the fourth left-handed quarks being an SU(2) L doublet, the vector-like quarks (VQs) are all SU(2) L singlets, as the ones naturally realized in E 6 models [17] . Since the left-handed VQs carry the same hypercharge as the right-handed quarks in the SM, interestingly the model leads to Z-mediated flavor changing neutral currents (FCNCs) at tree level [18] [19] [20] [21] . Moreover, the VQM involves less free parameters and is more predictable since the couplings of Z-boson to fermions and m Z are known. In addition to the mixing-induced CPAs, the VQM has significant impacts on the rare B q decays such as b → sℓ + ℓ − and B s → µ + µ − as well as other B q processes. 
where Γ [24] . The relation between the wrong and like-sign charge asymmetries indeed can be expressed by [2, 23] 
In other words, the wrong-sign charge asymmetry a s sℓ can be extracted as 
where
With ∆Γ q = 2|Γ 
By using the SM results [3] : 
Obviously, the sign and magnitude of a [7, 25] 
In Figs Although the value in Eq. (13) is smaller than the measured value by DØ in Eq. (2), it is still one order of magnitude larger than the SM prediction. Therefore, A 
where we have suppressed the flavor indices, Q L (H) is the SU (2) 
Introducing two unitary matrices, the mass matrix can be diagonalized by
In the SM, since the interactions of Z-boson to fermions are flavor blind, the flavor in the process with the exchange of Z-boson is naturally conserved at tree level. In the VQM, the new left-handed quark is an SU(2) L singlet and carries the same hypercharge as the righthanded down-type quarks. The gauge interactions of the left-handed down-type quarks with Z-boson are given by
where g is the coupling constant of SU (2) 
in which I 3 f and Q f are the third component of the weak isospin and the electric charge of the particle, respectively, and 
The FCNC effects could be further formulated as
Thus, the interaction for b-q-Z is given by
with
Clearly, the new free parameters are only λ db and λ sb . When λ qb is fixed by the current data, one may have some solid predictions for the relevant processes.
B.
With Eq. (21) and the hadronic transition matrix element defined by
the matrix element forB q → B q mediated by the Z-boson at tree level is obtained as
In addition to the tree effects, the Z-mediated box and penguin diagrams will induce important linear term in λ qb and it is given by [21]
Following Eq. (7), the combination of the SM and Z-mediated tree, box and penguin contributions for the B q −B q mixing is given by
where the corresponding parameters in Eq. (8) 
where all SM related quantities are taken to be known. Note that a q sℓ involves two free parameters, i.e. |λ qb | and θ Z q .
Another type of the time-dependent CPA is associated with the definite CP in the final state, defined by [25] 
where f CP denotes the final CP eigenstate, S f CP and C f CP are the so-called mixing-induced and direct CPAs, A f CP andĀ f CP are the amplitudes of B andB mesons decaying to
with η f CP and θ W being the CP eigenvalue of f CP and the weak CP phase, respectively. Clearly, besides the phase in the ∆B = 2 process, the mixing-induced CPA is also related to the phase in the ∆B = 1 process.
Due to B → η ′ K S involving more complicated and uncertain QCD effects, in this paper, we will concentrate on f CP = J/ΨK S and φK S for q = d and f CP = J/Ψφ for q = s.
For ∆B = 1 processes, we also need to know the flavor conserving interactions. The couplings of Z-boson to fermions in the SM are summarized as
where f denotes any fermions and c f V (A) is given in Eq. (18) . Using Eqs. (21) and (29), the Z-mediated Hamiltonian for b →′q′ decays is obtained by
Clearly, the Z-mediated effects for b →′q′ are similar to the standard electroweak penguins but the SM contributions are small. Since B d → J/ΨK S and B s → J/Ψφ decays are dominated by the tree diagrams, the penguin-like effects can be regarded to be relatively small and insignificant in the b → scc processes. On the contrary, since b → sss is a penguin dominant process, the Z-mediated effects are naturally comparable with the SM contributions. Hence, we will only focus on B → φK S . In order to deal with the hadronic effects in nonleptonic B q decays, we employ the naive factorization approach (NFA). The decay amplitude combined the SM with Z-mediated contributions for B → φK is written as
where N C is the number of colors and C 3−6 are the effective Wilson coefficients from the gluon penguins of the SM [28] . We note that the electroweak penguin contributions are very small and neglected in the analysis.
Consequently, the ratio of amplitudes forB d → φK S and B d → φK S decays is written as
with tan δ
From Eqs. (27) and (28), the mixing-induced CPA through the φK S mode is obtained as
Similarly, the CPAs through J/Ψ(K S , φ) channels are simply given by
Although sin 2β J/ΨK S has been measured at a precision level, it might be difficult to confirm whether new physics exists by observing sin 2β J/ΨK S alone. Nevertheless, one can investigate a new asymmetry, defined by [30] 
in which the SM prediction is less than around 5% [30] . Clearly, if a large value of ∆S β d is measured, it will be a strong hint for new physics beyond the SM.
In addition to the CP violating observables, the other interesting environment to probe the new physics effects is rare decays in which the predicted branching ratios (BRs) in the SM are small. Although the BR is not a direct CP violating observable, it is still sensitive to the CP violating effect via the squared imaginary coupling. In most exclusive decay processes, the BRs are associated with uncertain nonperturbative hadronic effects.
To reduce the QCD uncertainties, we choose inclusive b → qℓ + ℓ − and exclusive B q → ℓ + ℓ − decays as the candidates to probe the new physics effects, where the hadronic effects could be controlled well.
Using Eqs. (21) and (29), the effective Hamiltonian for b → qℓ + ℓ − mediated by Z-boson is found to be
where (lℓ) V =lγ µ ℓ and (lℓ) A =lγ µ γ 5 ℓ. Combining with the SM contributions, the decay amplitude for b → qℓ + ℓ − is written as
is the invariant mass of the lepton pair, and
The explicit expressions of C SM 9,10 could be found in Ref. [28] . Accordingly, the differential decay rate is [28] 
the BR for B q → ℓ + ℓ − is straightforwardly obtained by
where As
,s mixings are strongly correlated. Since ∆m K and the indirect (direct) CP violating parameters denoted by ǫ K (ǫ ′ K ) are much smaller than those in the B q systems, the stringent constraints could not make λ db and λ sb be large simultaneously. Moreover, by the results in Sec. II, we know that ∆m B d and sin 2β J/ΨK S will push the allowed parameter space of λ db to the region with small values. Without loss of generality, for simplicity we directly set the effects of λ db be insignificant and ignorable.
Hence, we will focus on the contributions of λ sb in our numerical presentation, which relate to various b → s processes.
For numerical calculations and constraints, we list the useful values in Table I , where the relevant CKM matrix elements V td = |V td | exp(−iβ d ) and V ts = −|V ts | exp(−iβ s ) are obtained from the UTfit Collaboration [26] , the decay constant of B q is referred to the result given by the HPQCD Collaboration [27] , the CDF and DØ average value of ∆m Bs is from Ref. [1] and the SM Wilson coefficients for b →′q′ and b → qℓ + ℓ − are obtained from Ref. [28] . The upper limit for B(B s → µ + µ − ) with 95% confidence level (C. L.) is quoted by the latest DØ measurement [31] . Other inputs are from the particle data group (PDG) [25] .
TABLE I. Experimental data and numerical inputs for the parameters in the SM.
0.655 ± 0.024 0.44
0.507 ± 0.005 ps −1 17.77 ± 0.12 ps −1 (4.5 ± 1.0) × 10 −6
Before we discuss the VQM predictions, it is necessary to know which processes involve less hadronic uncertainties and could give the strict constraints. We find that in addition to ∆m Bs , the observed inclusive b → sℓ + ℓ − decays with ℓ = e, µ are the good candidates.
Although the possible constraint of sin 2β Since we set the Z-mediated b → d transition be negligible, the wrong-sign charge asymmetry for B d decays is ascribed to the SM contribution. We take a by CDF and DØ measurements. Although the upper limit on the magnitude is smaller than the current data, it could still be 15%, whereas the SM prediction is only around 4%.
In terms of the early analysis, the penguin-like Z-mediated effect for b → scc in Eq. (30) could be estimated as Fig. 6(a) . From the result, we find that sin 2β φK S could approach 0.90 when |A b sℓ | is a factor of two larger than the SM prediction. Furthermore, in Fig. 6(b) we present the contours for ∆S Finally, we analyze the rare decays of B q → ℓ + ℓ − . As discussed earlier, the b → d transition in the Z-mediated VQM is suppressed and therefore, we will concentrate on to −15%; (c) the CPA of sin 2β φK S could be higher than sin 2β J/ΨK S when |A b sℓ | is larger than the SM prediction; and (d) the BR for B s → µ + µ − could be as large as 0.6 × 10 −8 .
